The present work proposes to improve estimates of how much streamflow is generated by snow in the 11 watersheds of the steep Himalayas. Half of the earth's glacial catchments in nonpolar areas are in the Himalayas, 12 and they generate almost a third of the streamflows in India. In River catchments with glacier presence in the region, 
. Bolch et al. (2012) reported that the length of many Himalayan glaciers is 65 shortening, and only 25% of glaciers are stable. Therefore, future changes, especially near-term changes, have made 66 it increasingly important to be able to compute snowpack and snowmelt in sub-catchments to manage water 67 resources.
68
Several studies successfully used the SWAT model to project water yield and streamflow as a function of the 69 variable temperature and precipitation using Coupled Model Intercomparison Project Phase 3 (CMIP3 or CM3)
70
Global Circulation Model (GCM) data sets (Ferrant et al., 2014; Shrestha et al., 2013) . Neupane et al. (2014) used 
71
SWAT to simulate the effect of climate change on natural water storage at watersheds, evidencing the influence of 72 precipitation and temperature lapse rates and inherent snow accumulation and snowmelt roles. Glacial hydrologic 73 assessments can help track and predict water availability in catchments reliant on snowpack and timing snowmelt.
74
The primary objective of this study is to show the scope of computation and characterization of snowpack and 75 snowmelt in sub-catchments, which could help in understanding modeling complexities, mainly snowmelt induced 76 in the Satluj River catchment. Another important objective of this study is to highlight the near-term future changes 77 in snowfall and snowmelt using GCMs. 
81
The Satluj River Catchment is a part of the Indus River system, which has many major tributaries--such as the 82 Satluj, Beas, Jhelum, Chenab and Ravi--and minor tributaries. The current research focused on a part of the Satluj 83 River Catchment (up to Kasol gauge station), which stream flows through the western Himalayan region. The main 84 outlet point, Kasol, consists of an area about 51055 km 2 , which is located at the head of the Bhakra Dam of India.
85
The geographical extent of the study area lies between 77°00' to 82°39' E longitudes and 30°8' to 33°00' N 86 latitudes (Fig. 1) . The Satluj River is the longest river among the five major rivers that flow through northern India precipitation were also used for the same time duration. The geospatial thematic data layers such as SRTM (Shuttle 98 variations of the present study were considered without downscaling (Fig. 1 ). The occurrence of snowpack and 113 snowmelt changes due to variations in elevation bands is enhanced by dividing the main catchment into sub-114 catchments. For the sub-catchment calculations, observed grids (six), gauge data sets (3 points) and GCM data grids
115
(four) were spatially interpolated at each sub-catchment using the Inverse Distance Weighting Approach (IDWA) 116 (Lu and Wong, 2008; Snell, 1998 , Snell et al., 2000 is monitored though the changes of the p-factor and r-factor (Abbaspour et al., 2007) . While the p-factor determines 178 the percentage of simulated data falling into the observed-data range, the r-factor contributes to determine the 179 uncertainty of the simulated variables and state variables when compared with observed data sets.
180
The value of the p-factor ranges between 0 and 100%, and the r-factor ranges between 0 and infinity. A value of p-181 factor = 1 and r-factor = 0 represents a perfect match between simulated and observed data. (Abbaspour et al., 2011) . The parameter-sensitivity results can be observed in Table 3 . 
219 where is the mean local lapse rate ( )(ºC/km) calculated at all sub-catchments. A lapse rate for annual 220 precipitation was represented by the changes of the mean annual precipitation with respect to the station elevation.
221
Adjusted precipitation in each elevation band ( ) was based on the difference between the elevations of the 222 subcatchment meteorological station (Z) and each elevation band ( ) multiplied by the lapse rate of (mm/km) per 223 event (P). If the meteorological station was unavailable in a particular subwatershed, then the next nearest 224 meteorological station was considered for lapse rate calculations. The equation was defined as Eq. 3:
226 where was the mean local lapse rate ( ) calculated for all sub-catchments. 227
Snow Accumulation

228
The snowpack was represented in SWAT by the snow water equivalent (the mass of liquid water in the snowpack) 229 SWE (mm), which balanced snowfall SF (mm) and snowmelt SM (mm) or sublimation ES (mm) (Eq. 4):
231
In SWAT, snowmelt SM is controlled by the air and snowpack temperatures, the melting rate, and areal coverage of 232 snow. When daily mean air temperature is less than a snowfall temperature, as specified by the SWAT variable 233 SFTMP (Table 1) , the precipitation within an HRU is classified as snow, and the liquid water equivalent is added to 234 the already-present snowpack. The snowpack temperature is a function of the mean daily temperature during the 235 preceding days and varies as a dampened function of air temperature (Anderson, 1976) . The influence of the 236 previous day's snowpack temperature on the current day's snowpack temperature was controlled by a lagging factor,
237
(TIMP), which intrinsically accounts for snowpack density, snowpack depth, exposure and other factors known to 238 affect snowpack temperature (Eq. 5):
240
where T snowpack (day) and T snowpack (day-1) are the snowpack temperature (ºC) on a given day and on the day 241 preceding it, respectively, and T av (ºC) is the mean air temperature for the same given day. 
260 where b mlt (mmH 2 O/day-°C), is the melt factor for a day:
261
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319
Uncertainty results, which were computed using the objective functions p-factor and r-factor, provide insights about 320 the precision and accuracy of model simulations (Abbaspour et al., 2011 
360
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